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Abstract Weeding is one of the most inconvenient but essential tasks in crop cultivation management.
Recently, the interest in the environment has increased, resulting in an increasing preference for organic
products. Therefore, physical weeding is essential, and a weeding cultivator which can replace
manpower is required. Hence, this study developed a small-sized walking-type weeding cultivator
suitable for domestic agricultural conditions and analyzed the performance of a prototype weeding
cultivator. The weeding blades of the prototype weeding cultivator rotate left and right sides,
respectively, in the forward direction. Moreover, the two blades rotate in opposite directions to reduce
the reaction force. Also, the convenience of work was improved by designing a rear-wheel driven by the
engine. As a result, the weeding ratio of the prototype weeding cultivator was 90.5 %, and the working
capacity was 1.2 hr/10a. In addition, the electromyogram (EMG) of the operator's muscles was reduced
by 43 %, and the cost of weeding work was saved by 78 % compared to conventional weeding by
humans. Therefore, it is concluded that the lack of labor due to the decrease in rural population and

aging can be solved using the prototype weeding cultivator.
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Fig. 1. Design of a gear box of a weeding cultivator
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Fig. 2. 3D modeling of a weeding blade of the
weeding cultivator
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Fig. 3. Arrangement of weeding blades and rotation
direction
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Fig. 5. The prototype weeding cultivator
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(a)
Fig. 6. Tilting of handle
(a) Untilted (b) Tilted

Table 1. Specifications of prototype weeding cultivator

Items Specification
LxWxH (mm) 1,025 x 490 x 810
Size
Weight (kg) 44
Power (HP) 3.5
Engine
Rated speed (rpm) 3,600
Type Rotational plate
Blade
Weeding width (mm) 200
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Where, W, ueeding denotes number of remaining

weeds after cultivating and Wi, s, eupeeding denotes

number of weeds in plot before cultivating.

Fig. 7. View of experiments
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Where, 7 denotes working capacity(hr/10a), v

denotes working speed(m/s), ¢t denotes turning
time(s), A denotes length of field of long side(m),
B denotes length of field of short side(m) and b
denotes effective working width(m).

Length of field
of short side

Turning
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Working 0000 Length of field
direction of long side
Effective
working width

Fig. 8. Working and turning path of a prototype
potato harvester[15]
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Fig. 9. Tasks analyzed electromyogram(EMG)
(a) Prototype weeding cultivator(PWC)
(b) Conventional weeding by human(CWH)

Table 2. List of measured muscles.

No Name of muscle

1 Flexor Carpi Radialis

Extensor Carpi Radialis

Biceps Brachii

Upper Trapezius

Erector Spinae

Rectus Femoris

2
3
4
5 Infraspina
6
7
8

Gastrocnemius

2 AP AA7 AT 8 34 3EE R
7t AR 3EE 4519, Bt Yol 32
Al, A% 170 cm, A5 76.7 kgelth. S3H ZH=
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2] 33} o] EEIIsF] %MVC(Maximum Voluntary
Contraction)g&  Alsllem, BARAL  SAS
9.4(SAS Institute Inc., U.S.A)E o]&3st] Fo+5
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(STASK - SREST) (3)

% MVC= <100

(SI\/IAX - SREST)
Where, S;44¢ denotes activation levels obstained

during the task, Sz denotes activation levels

during submaximal isometric contractions and

Syux denotes maximum activation levels during

maximum contractions.
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Fig. 10. View of before and after weeding
(a) Before weeding (b) After weeding

Table 3. Performance of prototype weeding cultivator

Weeding Working Turnine ti Working

ratio speed urm?% me capacity

) /9 i (hr/10a)
90.5 0.33 5 1.2
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Fig. 11. Total ¥MVC by weeding methods.(PWC :
Prototype Weeding Cultivator, CWH
Conventional Weeding by Human)
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Fig. 12. %MVC of each muscle by weeding methods.
(PWC : Prototype Weeding Cultivator, CWH :
Conventional Weeding by Human)
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Table 4. Result of economic analysis.

pwc” CcwH”
Price (won) 1,500,000
Durability Life (year) 5
Using hours (hr/year) 330
Deprgs;aﬁo“ 300,000
Fixed Cost Repair Cost 90,000
(won/year)
Interest 75,000
Total 465,000
Fixed Cost(won/hr) 1,409
Variable Labor Cost 16,163 11,545
Cost Fuel Cost 843 0
(won/hr) Total 17,006 11,545
Cost per hour (won/hr) 18,415 11,545
Working Capacity (hr/10a) 1.2 8.7
Necessary Cost (won/10a) 22,098 100,442
Cost Saving (%) 78

UpwC : Prototype Weeding Cultivator
YCWH : Conventional Weeding by Human
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